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Abstract 
This paper presents the method for sun-tracking system by using solar position algorithm as described in [1]. By 
using this algorithm, the simulation results were conducted by evaluating and modifying the source codes with local 
parameters entered in the program. From the simulation results, the zenith and azimuth angle of the sun over a whole 
year (from January to December 2012) can be estimated. By incorporated with Control Area Network (CAN) 
communication systems, many Photovoltaic (PV) panel modules can be controlled remotely by a single computer—
which is significant for larger PV Panel Systems scenario. 
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1. Introduction 
The photovoltaic (PV) module in the market is usually not equipped with solar-tracker to have better 
performance. Users who buy this module will assign other party to install them at home/industry. Most of 
the simple installation is by finding the best location and orientation with open and clear sky during the 
day. And then, the system is installed with a fixed tilt and orientation. However, many systems have been 
developed to be able for tracking the sun. The common method and more popular for example is by using 
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sensors as a feedback to adjust the orientation of the panel to track the sun, but the problem with this 
system is when the sky is cloudy or the sun is obscured. 
As described by Jean Meeus in [2], the position of the sun can be predicted or estimated by using solar 
position algorithm (SPA). Based on the work of Reda and Andreas, they simplify it in their report [1] and 
publish the source code of the SPA C header file which can be included and called from C program. The 
application and implementation of such algorithm become commercially available by Rockwell 
Automation (see [3]) where the complete system (logic controller and actuators) were designed and so the 
system becomes robust. 
In this paper, we present the solar tracking system for PV modules using SPA which is different as 
described in [3]. In the following sections, the proposed system is for larger PV Modules Panels, which 
consists of many PV Panels. These panels are controlled by a PC where the algorithm is implemented. By 
incorporating with Control Area Network (CAN) communication, the remote PV Panels can be controlled 
independently.  
2. Photovoltaic module and sun-tracking system 
2.1. Solar position algorithm 
A brief introduction of the Solar Position Algorithm can be found in [3], which explained the zenith 
angle, azimuth angle and elevation angle of the system. This can be illustrated in Fig. 1 (see [3]) and the 
symbols of ,  and  are denoted as zenith angle, azimuth angle and elevation angle, respectively. 
2.2. Photovoltaic (PV) module system 
PV module system as illustrated in Fig. 2 is a dual-axis tracking system which consists of PV panel and 
a device to orient the panel to any direction in the sky. The panel is actuated by two motors which the 
orientation of the panel can be calculated from encoders. This system is also utilized with microcontroller 
to communicate with other devices (computer) through CAN communication. As the controller receives 
any command from computer, the PV panel can be oriented based on the given commands. This command 
is the  and  angles as the result of the solar position algorithm calculation. Since the CAN 
communication is bi-directional communication (transmit and receive data), thus, the PV module system 
may also transmit the parameters to the computer in order to calculate and update the angles command.  
 
 
Fig. 1. Solar position algorithm parameter (see [3]) 
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Fig. 2. Single dual-axis PV module tracking system 
2.3. Controller area network (CAN) bus 
CAN Bus is a robust serial communication which initially created for automotive application (see [4]). 
It is designed to allow microcontrollers to communicate each other within a vehicle without a host 
computer by implementing a message-based protocol (not an address-based protocol). This mean, the 
message is not transmitted from one node to others based on addresses. The mechanism of the CAN Bus 
can be described as follow: (1) one node in the networks transmit a message through the network—known 
as “Bus”. This message is embedded as a priority and contents of the data being transmitted. (2) All nodes 
in the system receive every message transmitted on the Bus. Then, it is up to each node to decide whether 
the message received should be discarded or kept. By interfacing microcontroller to computer to utilize 
the CAN Bus, the computer as the main controller is also can be considered as a node (as well as other PV 
modules). (3) If one node transmitted a message which consisted of a command angles to each PV 
modules, then the system utilizing CAN Bus as described in Fig. 3 can be established.  
In short, suppose there are n+1 nodes representing n-th PV modules and one node for the main 
controller (computer), then the main controller can receive data message from each PV module which 
transmitted their parameters. Based on these parameters, computer may calculate the azimuth angle and 
zenith angle of the sun in the sky. And so, by using this scenario, many PV modules can be controlled 
remotely from a single computer.  
 
 
Fig. 3. The nodes of PV modules and main computer 
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3. Simulation results 
The simulation works were conducted to estimate the position of the sun by using Solar Position 
Algorithm. We entered Time Zone, Longitude, Latitude and Altitude of one particular location in 
Banjarmasin city. The location to be chosen is the coordinate of Lambung Mangkurat University with 
longitude 114.582, latitude -3.296 and altitude -0.16 m (below sea level). 
In the following results, we calculate the position of the sun in three different scenarios: (1) for the first 
day of the month from January to December 2012 at 12.00 PM (local time). The results can be depicted in 
Fig. 4 and Fig. 5 for zenith and azimuth angles, respectively. (2) The position of the sun from the first day 
to the end of the month of September 2012 at 12:00 local time. The results are illustrated in Fig. 6 and Fig. 
7 for zenith and azimuth angles, respectively. (3) For some hours on 10th September 2012 from 4:00 in the 
morning to 19:00 in the evening. The results can be shown in Fig. 8 for the zenith angle and Fig.9 for the 
azimuth angles. 
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Fig 4. The zenith angles of simulated solar position in the year 2012 
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Fig. 5. The azimuth angles of simulated solar position in the year 2012 
164   Yusie Rizal et al. /  Energy Procedia  32 ( 2013 )  160 – 165 
5 10 15 20 25 30
2
4
6
8
10
12
14
Time (Day)
A
ng
le
 (d
eg
re
e)
Zenith Angle of The Sun
 
Fig. 6. The zenith angles of simulated solar position in September 2012 
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Fig. 7. The azimuth angles of simulated solar position in September 2012 
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Fig. 8. The zenith angles of simulated solar position on 10th September 2012 
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Fig. 9. The azimuth angles of simulated solar position on 10th September 2012 
4. Conclusion 
This paper has presented the application of Solar Position Algorithm to estimate the position of the sun 
in terms of zenith angle and azimuth angle. This algorithm can be utilized for the photovoltaic panels 
which distributed remotely and controlled independently by a single computer. As the simulation results 
shown, if the location of one PV module is known, then the panel can be controlled to track the sun in the 
sky at all time. It is claimed in [2] that the accuracy of estimation is as close as ±0.0003º in period from 
year 2000 to 6000. However, for PV Module application, such accuracy is not too significant as long as 
the location of the sun can be estimated in the whole year from January to December. This algorithm may 
also be applied together with some sensors to track the sun as hybrid system (open-loop and closed-loop 
system).  
5. Future Work 
In future work, the economic cost for larger photovoltaic panel systems will be investigated in order to 
see if the system is economically feasible. These results will beneficial to local government which is 
interested to find alternative energy for generating electricity, since the location of the island (Kalimantan) 
is geographically strategic. 
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